A molecularly imprinted polymer (MIP) was prepared in acetonitrile by bulk polymerization, using di-n-octylphthalate (DOP) as a template molecular, -methacrylic acid (MAA) as a functional monomer, and ethylene dimethacrylate (EDMA) as a crosslinker. Characterization and evaluation of the prepared MIP were carried out by scanning electron microscope (SEM), infrared absorption spectroscopy (IR), and the Scatchard analysis, respectively. Through the optimization of washing solvent, eluting solvent amount, flow rate of loading solution, and loading sample volume, an analysis method was established for DOP related compounds with high selectivity and sensitivity by using the selective molecularly imprinted solid-phase extraction (MI-SPE) technique. Moreover, under the optimal conditions, the extraction effects were comparatively investigated by using MIP cartridge, NIP cartridge, and the commercial PLS cartridge used especially for phthalic acid esters (PAEs), respectively. The results showed that the recoveries of spiked PAEs are in the range of 90.4%-97.8% with the relative standard deviation (RSD) of 1.6%-3.8% on the resulted MIP cartridge, whilst lower recoveries were obtained ranging from 80.2% to 88.9% with an RSD of 1.4%-5.2% on the commercial PLS cartridge.
Introduction
Phthalate acid esters (PAEs) have a wide variety of industrial, agricultural, and domestic applications, but by far the most important is their use as plasticisers that can increase process ability, flexibility, or extensibility or to decrease hardness or stiffness [1, 2] . The orthophthalate diesters, for use as plasticisers, are produced by the esterification of phthalic anhydride using alcohols of carbon chain length in the approximate range 4-12. The physical rather than chemical incorporation of phthalates in the polymeric matrix ensures that they are widespread contaminants. Penetration of phthalates into the ecosystem, food chain or in wastewater effluents occurs during the production phase and via leaching and volatilization from plastic products during their usage and/or after disposal. Current research efforts are directed towards the development of simple and sensitive analytical methods, capable of accurately determining the trace quantities of phthalates in different complex samples [3] . Some preconcentration techniques were generally selected as the sample preparation procedures, based on liquid-liquid extraction, solid-phase extraction (SPE), and solid-phase microextraction (SPME), followed by gas chromatography (GC), liquid chromatography (LC), capillary electrophoresis, or gas chromatography and mass spectrometry (GC-MS) [4] [5] [6] [7] [8] [9] [10] . As a traditional pretreatment method, SPE is widely used to preconcentrate and clean up the target compound prior to determining the target compounds in complex samples using chromatographic or other analytical methods [11] [12] [13] . In these studies, regular commercial SPE cartridges were employed. These sorbents retain analytes by nonselective hydrophobic or polar interactions that lead to a partial coextraction of interfering substances. In order to facilitate the trace enrichment of analytes and enhance the selectivity of the extraction and to develop new functionalized polymeric selective sorbents may be a promising way. MIP is synthetic polymers possessing specific cavities designed for a target molecule, which exhibit many outstanding advantages such as high selectivity and physiochemical stability and afford specific recognition against the imprinted molecules and structurally related compounds [14, 15] . Therefore, the application of MIP as SPE sorbents was desired to eliminate the interferences of sample matrix and get cleaner extracts than the traditional SPE, which resulted in a more selective and reliable analytical protocol.
Various strategies could be used to prepare MIP for this purpose including precipitation polymerization, bulk polymerization, suspension polymerization, swelling polymerization, miniemulsion polymerization, and core-shell emulsion polymerization [16] [17] [18] . The Knopp group has ever prepared molecular imprinted microspheres (>3 m) and nanospheres (≈450 nm) for di(2-ethylhexyl)phthalate (DEHP) by precipitation polymerization. When used as HPLC stationary phase, the microspheres (>3 m) exhibited strong affinity for the template DEHP with an imprinted factor (IF) higher than 8.0 [19] . Recently, Yan et al. synthesized a new imprinted microsphere of diisononyl phthalate via precipitation polymerization and used it for the simultaneous determination of the PAEs from plastic bottled beverages. The average recoveries of the five PAEs at three spiked levels ranged from 84.3 to 96.2% [20] . Qi et al. optimized different porogens and functional monomers to prepare an MIP of monobutyl phthalate, which was used for the preconcentration and determination of monobutyl phthalate from the bottled water by MIP-SPE-HPLC method [21] . An MI-SPME fiber of dibutyl phthalate (DBP) was prepared into a special device by bulk polymerization and was applied to the pretreatment of five kinds of phthalates dissolved in spiked aqueous samples, followed by the determination by (GC/MS) [22] . This method was also used to synthesize the MI-SPE sorbents using dibutyl phthalate (DBP) as a template molecule; the resulted powders with particle sizes 35-75 m were evaluated and used for selective SPE of DBP from soybean milk [23] . Recently, Shaikh et al. reported a similar MIP selective for DEHP, which was prepared by suspension polymerization using methacrylamide as a functional monomer and N,N-methylene-bis-acrylamide as a crosslinker. The imprinted polymer was employed for solid-phase extraction of DEHP from water samples prior to GC determination [24] .
In this paper, synthesis of a noncovalently imprinted MIP using di-n-octylphthalate (DOP) as a template was firstly carried out by bulk polymerization. The obtained MIP was applied as an SPE sorbent to preconcentrate and determine the PAEs in the bottled sprites by HPLC, and better recoveries in three spiked levels were obtained under the optimal conditions, compared with the commercial SPE cartridge used for the enrichment of PAEs. Four phthalates (DMP, DEP, DBP, and DOP) were purchased from Tianjin Fuchen Chemical Reagent Co., and MAA, EDMA, AIBN, acetonitrile (ACN), and acetic acid (AA) were purchased from Tianjin Guangfu Institute of Chemicals. The monomers were purified by distillation to remove the inhibitors. All other chemicals used are of chromatographically pure and analytical grade. ProElut PLS Glass Cartridge (60 mg/3 mL) was purchased from Dikma Technologies Inc., CA, USA.
Experimental

Preparation of MIP.
Some previous reports of the synthesis of MIP about the similar template were referred to for our preparation studies with some modification of the choice of different porogens and templates [19] [20] [21] [22] [23] [24] . Schematic illustration of DOP molecular imprinting procedures and the structurally related compounds of DOP for the experiments were shown, respectively, in Figures 1(a) and 1(b) . Briefly, the molar ratio of template to monomer was selected at 1 : 4 to ensure the formation of defined recognition sites with polymers. Briefly, MIP is synthesized using bulk polymerization method by dissolving 1 mmol DOP in a glass tube with 10 mL ACN, followed by ultrasonication about 30 min to form a stable complex of imprint molecule and monomers. The obtained solution was then cooled at room temperature, followed by adding 20.0 mmol of EDMA, 30 mg AIBN. Then, the prepared sample in the tube was degassed and purged with nitrogen before being sealed with a septum. The solutions were further saturated with dry nitrogen for 5 min, and the glass tubes were placed in a water bath at 60 ∘ C for 24 h. After polymerization, the tubes were broken, the obtained polymers were ground and sieved, and the particles with sizes 47-74 m were collected and then repeatedly suspended in acetone to remove the small particles for next use. The template was removed by the Soxhlet extraction using a two-step procedure, being washed by acetic acid and methanol (1 : 9, v/v) about 12 h as a first step, then by methanol for 6 h as a second step. The prepared polymers were dried at 60 ∘ C for 24 h under vacuum and stored at desiccators prior to use. Nonimprinted polymers (NIPs) were synthesized and treated under the same conditions but without the addition of the template.
Equilibrium Rebinding and Binding Selectivity of MIP.
Steady-state binding studies were carried out by UV spectrophotometry [20] [21] [22] [23] [24] . The standard DOP solutions were prepared in ACN, and the concentrations of DOP in the solutions varied in the range of 0.15-1.0 mmol/L. In a typical experiment, an amount of 20.0 mg of both polymers (MIP and NIP) was weighed and put into a 10 mL vial, respectively; 2 mL of DOP standard solution with different concentrations was then mixed with each polymer, respectively. Afterwards, the mixture was shaken with a horizontal shaker for 24 h at room temperature, followed by centrifugation at 3000 rpm for 5 min. The suspension was filtered by a filter with 0.22 m pore size, and the filtrated solution was diluted and analyzed by UV spectrometry to obtain the concentration of DOP. The amount of DOP bound to the polymer ( ) was calculated by subtracting the amount of free DOP from the initial amount added to the mixture ( 0 ). The absorption quantity ( ) was calculated by [19] [20] [21] [22] [23] [24] = ( 0 − ) × / , where 0 is the template DOP concentrations in the initial solution and is that of free template in the solution containing imprinted polymer after shaken for 24 h. Volume of bulk solution is , and is the weight of the dry polymer used.
The same experiments were performed using other structurally related compounds (DMP, DEP, and DBP). Briefly, an amount of 20.0 mg of both polymers (MIP and NIP) was weighed and put into a 10 mL vial, respectively; then 2 mL of DOP standard solution with constant concentration of 0.7 mmol/L was mixed with each polymer, respectively. The data of the static absorption experiment was further processed with the Scatchard equation to estimate the binding parameters of the MIP and NIP [18] [19] [20] . The Scatchard equation was described as follows: / = ( max − )/ . Here, and max were balance dissociation constant and maximum binding amount, respectively, and was the balance concentration of the target molecule. The values of and max were calculated from the slope and intercept of the linear line plotted in / versus .
Preparation of MI-SPE
Cartridge. MI-SPE cartridge was prepared with empty 3 mL cartridges (DIKMA Sci. & Tech.) packed with 60 mg polymers (47-74 m) as a sorbent and 20 mg diatomite as a filter aid, respectively. Each cartridge was attached to two sieve plates at the bottom and the top end, respectively. The cartridges were subjected to vacuum for 30 s before insertion of a second frit on top of the sorbent bed.
Analysis of Real Samples.
The sprite beverage packed in plastic cups was initially sonicated and filtered by a filter with 0.22 m pore size. 5 mL of the sample solution or spiked samples were then flown through MI-SPE cartridge at flow rate of 1.0 mL/min, respectively. After the cartridge was washed with 5.0 mL of water (contains 10% methanol), 3.0 mL of methanol was flown through the cartridge to carry out the absorbed organics in MIP. The collected solution was dried under N 2 flow, and the residues were recovered into 5 mL of ACN for HPLC analysis. Prior to each extraction, the cartridges should be conditioned with 3 mL MeOH and water, respectively. The ProElut PLS Glass Cartridge was processed according to the application manual about the pretreatment of PAEs from Dikma Technologies Inc. It was firstly conditioned with 3 mL MeOH and 3 mL H 2 O; then the samples passed through the cartridge with a constant flow rate of 1 mL/min, and 3 mL 5% MeOH aqueous solution was used to wash, followed by the elution procedure with 3 mL MeOH. Figure 2 presented the SEM images of prepared polymers. Generally, polymers without templates displayed a relatively smooth surface, whilst there were some speckles and cavities appearing in the resulted MIP. The obvious difference between NIP and their relative MIP was definitely attributed to imprinting effect. After the DOP template embedded in the framework of the polymers was removed, thereby more speckles and bigger cavities were formed, compared with NIP.
Results and Discussions
Characterization of SEM and IR for MIP and NIP.
The FT-IR spectra (KBr pellet) of the prepared polymers, the monomer (MAA), the crosslinker (EDMA), and template (DOP) coating were shown in Figure 3 , respectively. Obvious diference about absorption bands could be found in the range of 1100-1800 cm −1 between the two polymers (MIP and NIP) and other three compounds (MAA, EDMA and DOP). The main functional groups of the predicted MIP and NIP coatings could be found with corresponding infrared absorption peaks. A broad absorption band at 3446 cm −1 on the MIP coating corresponded to several overlapped peaks of infrared absorption such as the stretching vibration of O-H bonds of MAA molecules (functional monomer), the hydrogen bonding, and electrostatic binding interactions between DOP and MAA. However, for NIP, just a weaker absorption peak around 3446 cm −1 was discovered because of the lack of hydrogen bonding or electrostatic binding interaction between DOP and MAA. Moreover, no obvious difference of other peeks could be observed in these spectra in the range of 1158-2992 cm −1 . It was attributed that almost all templates are removed for MIP. Other absorption peaks matched both MIP and NIP coatings as follows: 2960 or 2970 cm −1 (stretching vibration of C-H bonds on methyl groups); 1731 or 17331 cm −1 (stretching vibration of C=O bonds on carbonyl groups); 1158 or 1159 cm −1 (stretching vibration of C-O and C-C). Figure 4(a) shows the binding capacity of MIP (and NIP) for DOP. It is easily understood that the MIP exhibited a higher capacity for DOP than that of the NIPs. Herein, the amount of DOP absorbed by both MIP and NIP was increased in the selective concentration (0.15-1.0 mmol/L) of DOP, whilst the amount of DOP absorbed on NIP was lower compared with that in MIP. For example, the values of MIP and NIP were 20.4 mol/g and 13.7 mol/g at the concentration of 0.5 mmol/L, but obvious changes were obtained with a value of 31.8 mol/g and 17.3 mol/g, respectively. It was attributed that the MIP possessed specific binding for DOP, and NIP did not. Furthermore, the rebinding isotherm of DOP on MIP and NIP in ACN showed that both specific and nonspecific absorptions of DOP increased with higher concentration of DOP solution.
Equilibrium Rebinding Study and the Scatchard Analysis.
The Scatchard analysis suggested that DOP was recognized by the prepared MIP with two classes of binding sites. It was illustrated that MIP for DOP binding sites were nonuniform as shown in Figure 4 
Specificity Study for the Prepared Polymer.
PAEs with shorter alkyl chains (e.g., DMP, DEP, and DBP) were more easily utilized than the PAEs with longer alkyl-chains (DOP) in production processes. Herein, the ability of MIP to discriminate DOP and other three structurally related compounds was assessed in single-analyte binding assays. After equilibrium binding experiments were performed according the foregoing procedures, the relative MIP and NIP for each analyte could be obtained, respectively. The imprinting factor expresses the ratio of specific-to-nonspecific binding for each compound (IF = MIP / NIP ). In each case, analyte uptake was normalized against the levels of template DOP absorbed and expressed as selectivity index (SI) calculated according to [25] [26] [27] [28] ] SI = IF analyte /IF template . When SI is equal to 1, there is no difference between MIP and the control polymer. Obviously, the bindings of the DMP, DEP, DBP, and DOP in MIP are all higher than that in NIP, indicating the higher specific bindings for the tested compounds in MIP. These are due to the high similarity of the molecular structures between DMP, DEP, DBP, and DOP.
Gradual decreased MIP to the target analyte could be obtained for PAEs with shorter alkyl-chains, whilst NIP to the target molecular gradually increased except for DOP template molecule. These experimental results demonstrated that the imprinting was primarily based on the interaction of analyte with functional groups within polymer cavities, but the combined effect of shape and size complementarity probably affected the imprinting efficiency effectively. It is easily understood that the largest values of and SI were achieved for the template molecule (DOP), compared to other structurally related compounds with similar values of and SI. These IF and SI values obtained are comparatively given in Table 1 .
Optimization of MI-SPE Cartridge.
The MI-SPE procedures require the same steps used in a common SPE procedure: conditioning, sample loading, washing, and elution.
Factors that probably influence the extraction process, such as loading solvent, pH, flow rate and volume of loading solution, washing solvent, and amount of the eluting solvent, should be evaluated to achieve the highest extraction efficiency, respectively.
The loading solvent needs to be carefully selected to promote the rebinding of the substrate to the specific sites. In our experiments, when methanol, ACN, and ethyl acetate were selected as the loading solvents, respectively, more than 90% DOP could not be retained on the MI-SPE cartridge. Whilst when dichloromethane and hexane were selected for it, slight swelling would occur for the packed adsorbent. Since most of environmental samples are in aqueous solutions and the real beverage analysis was carried out in water, 5 mL water with 10 mg/L DOP was chosen as the loading solvent. In this case, none of DOP was observed in the effluent liquids of the MI-SPE cartridge, which revealed the good affinity of the prepared MIP to the target analyte of DOP. Different flow rates of loading solvent were investigated in the range of 1.0 to 5.0 mL/min, and the results displayed that the recoveries of DOP decreased to about 40% when the flow rate was changed to 5.0 mL/min (see Figure 5 ). Considering the balance between the larger recovery of DOP and the total analysis time, the flow rate of 1.0 mL/min was used in the throughout optimization. Choice of washing solvent aims at selective extraction of the specific bound DOP. Loading spiked aqueous solution can make the target analyte retained on the SPE cartridge through both specific and nonspecific interactions, such as hydrophobic interaction. Thus, a subsequent washing process is required to remove the nonspecifically bound compound and consequently to achieve selective preconcentration of DOP. 5 mL water containing different percentages of MeOH (0%, 10%, 20%, 30%, and 50%, resp.) was tested for washing conditions. The results showed that the recovery of DOP decreased obviously with the increase of MeOH content. Pure water possessed the highest elution strength, which resulted in the best recoveries of DOP (nearly 100%). Thus, water was chosen as the washing solution in the experiments.
It is necessary to find that a suitable solvent elutes the PAEs from the MI-SPE cartridge before HPLC analysis; so different types of solutions including MeOH-AA (8 : 2, v/v), and MeOH-AA (9 : 1, v/v), MeOH were selected to investigate their elution efficiencies. The results indicated that both MeOH-AA (8 : 2, v/v) and MeOH-AA (9 : 1, v/v) had relatively lower eluting ability for all PAEs, only fewer target analytes were eluted out with more than 15 mL elution solvent, and pure MeOH provided the highest efficiency, which is possibly due to the interactions between the PAEs and the MIPs disrupted under this condition. Thus, on the basis of the elution efficiency and minimum solvent consumption, 3 mL of MeOH was adopted to elution of the PAEs from the cartridges. Therefore, the volume of methanol was determined as 3 mL in all the experiments. PH value of loading solution may influence the recovery of MIP-SPE. According to the previous reports about PAEs extraction, the pH of loading sample was usually set at 6.0 in the optimum experiment. Herein, the samples with pH values about 6.0 were not further optimized in our experiments. The evaluation of the cartridge capacity was carried out by passing increasing step volume of 1 mL standard solution with a constant concentration of DOP (10 mg/L) through the MI-SPE. The results showed that DOP could be detected after 65 mL standard solution passed through the MI-SPE cartridge; so the largest cartridge capacity could be calculated to be 2.78 × 10 −3 mmol/g. To further investigate the effect of sample matrix on the selectivity and accuracy of the MI-SPE-HPLC method for real analysis, the recovery experiments were carried out by spiking three different levels of three PAEs into the beverage samples. The accuracy and precision of the method were assessed by performing analyses of spiked samples in five replicates. As shown in Table 2 , the relative standard deviations (RSDs) for all recoveries were in a range of 1.4−5.2%. The highest recoveries (90.4−97.8%) and clear chromatogram of MI-SPE-HPLC demonstrated that MIP can be used as the group-recognition sorbents in SPE for trace isolation of the PAEs in beverage samples, which overcome the drawbacks of template leakage of MIP in real analysis. Under the same experimental conditions, less recoveries of 1.8-4.9% were only achieved using NIP as the sorbent, demonstrating lower affinity of itself towards the PAEs. It resulted from the specific recognition sites of MIP formed by the imprinting effect. Moreover, commercial ProElut PLS cartridge provided lower recoveries for PAEs (80.2−88.9%), which was due to its lower affinities and less specific identification to the analytes. ProElut PLS is a highly cross-linked polystyrenedivinylbenzene (PS-DVB) copolymer used for extraction of polar analytes in aqueous solvents where traditional C 18 and C 8 sorbents are not advisable because they are not "wettable. " It is ideal in screening applications where a broad range of analytes can be extracted including PAEs, PAHs, and phenols. Here, the results showed that a better purifying effect was obtained for the MIP cartridge than commercial PLS cartridge, and all of the interferences in sample matrix could be effectively eliminated. All of the above indicated that the MI-SPE-HPLC method has the advantages of simplicity, rapidity, and sensitivity and could be potentially applied for the monitoring of PAEs residues in beverage products.
Validation of the MI-SPE-HPLC
Sample Analysis of Plastic Bottled Beverage Products.
Blank sprite samples were investigated as a reference, and no peaks of PAEs in chromatogram were observed at the same retention time, compared with the standard solution, but there were several impurities peaks for the original sprite sample (see Figures 6(a) and 6(b) ). The spiked sample was then selected to pass through the PLS, NIP, and cartridges MIP, respectively, and the chromatograms in Figures 6(c) , 6(d), and 6(e) indicated that there were no noticeable interferences from the matrix, the interferences were significantly reduced after SPE enrichments. Moreover, the largest peak areas for three PAEs were obtained for MIP cartridge and were high recoveries than those of NIP and PLS, which revealed that the MIP had high affinity and selectivity for PAEs in aqueous solution.
Conclusions
In this study, A MIP was prepared by bulk polymerization techniques and characterized by SEM and FT-IR. Equilibrium rebinding studies demonstrated that MIP possessed specific binding for the template, compared with NIP. The Scatchard plot suggested a two-site binding behavior, and MIP had high rebinding capability for other structural analogs. Sample loading, washing, and desorption conditions were also optimized, followed by the determination of PAEs by MI-SPE-HPLC. Good precision and accuracy of the MI-SPE cartridge for DOP and related compounds in spiked bottled beverage demonstrated the feasibility of the prepared MIP for extraction of phthalates.
